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ANATOMIC VARIANTS OF PULMONARY VENOUS DRAINAGE AND THEIR RELATION
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Pestome. AHaTOMWYHN BapuaHTK Ha 6enoLpobHNS BEHO3EH [peHax B NSBOTO NpeAcbpame ce oTkpueat Yecto. Cboblyasat ce
Pa3HOMOCOYHN Pe3ynTaTit OTHOCHO BIUSIHWETO Ha BapuaHTHaTa aHaTOMUS BbpXY PELMAUBMTE Ha NPEACHPAHO MbXAEHE
(MM) cnep kaTeTbpHa abnaums. [NocTaBuxme cv 3a Lien Aa u3cneaBame YeCToTaTa Ha pasnuyHUTE aHaTOMUYHW BapUaHTK
Ha BenoapobHNs BEHO3EH ApeHaX 1 Bpb3kaTa UM C AOKyMeHTUpaHn peuuausu Ha MM cnep abnauums. Matepuan u me-
Toam: PeTpocnekTMBHO NpoyyBaHe Ha nauueHTy ¢ MM, npu kouTo € U3BbPLLIEHa paguodpekBeHTHa U3onauus Ha 6eno-
ApobHUTE BeHU e nNpeaBapuTenHo HanpaBeHa MynTUAETEKTOPHA KOMMIOTbPHA TOMOrpadms Ha CbpLETo C KOHTPacT.
[poyyeHm ca KIMHUYHY 1 NPOLieaYPHI XapaKTepUCTIKM, BUL 1 YECTOTa Ha aHaTOMUYHUTE BapuaHTW Ha BEHO-aTpUanHoTo
CBbp3BaHe M Bpb3akaTa UM ¢ peunanen Ha MNM. PesynTtatu: Mpoyyenu ca 177 naumenty (112 mbxe, 63,3%) ¢ MM, ot koun-
10 148 (83,6%) ¢ npucTbnHO M. BapuanTtHa aHatomms ce oTkpu B 91 naumenty (51,4%). B 20,9% ce ycraHosw obLy nss
cTBon, B 23,2% — noBeye Unu no-marko OT ABe AECHN BeHW, a B 7,3% — BapneTeTn eIHOBPEMEHHO 3a AECHUTE 1 NEBUTE
BeHW. Mexay rpynuTe ¢ HopMmasHa 1 BapiaHTHa aHaTOMUS He Ce OTKpUXa Pasiukv B KITMHUYHUTE W NpOLieAypHUTE Xapak-
Tepuctuku. Peumnaneute Ha MM 1 Bpb3kata um ¢ 6enoapobHaTa BeHO3Ha aHaTOMUs Osixa npoyyermn npu 104 naumeHTy
C npocneasBaHe = 3 MeceLa. He ce OTKpU 3HauMMa Bpb3ka MEeXAy HanM4NeTo Ha BapuaHTHa aHaTOMUS U peLuaneuTe
Ha M B cnenus nepuog cneg abnauus, OR = 0,864, 95% CI = 0,397 — 1,88, p = 0,843, HuTo cneg nstuyaHeTo My, OR =
1,12,95% Cl = 0,5-2,5, p = 0,839. PerpecnoHHusT aHanua Ha Cox He nokasa pasnvku B npexueseMocTTa 6e3 peunams
Ha M He3aBMCMMO OT aHaTOMUYHUS BapWUaHT Ha BenogpobHus BeHoseH apeHax, HR = 1,09, 95% Cl = 0,58 - 2,05, p =
0,779. 3akntoyeHue: B mecTHa nonynaums nauueHTu ¢ MM yectotata Ha BapuaHTeH 6enogpobeH BeHO3eH ApeHax e
manko Hag 50%. He ce ycTaHoBM Bpb3ka Mexay BapuaHTHaTa aHaToMms 1 YectoTaTa Ha peumamsm Ha M cneg mbpea
n3onaums Ha 6enogpobHuTE BEHW.

Kniouosu aymu: GenoapoGHM BeHU; MyNTUAETEKTOPHA KOMMIOTbPHA TOMOrpadins; kaTeTbpHa abnauys; NpencbPAHO MbXAEHE.
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Abstract. Anatomical variants of pulmonary venous drainage in the left atrium are often found. Divergent results have been reported
on the impact of variant anatomy on atrial fibrillation (AF) recurrence after catheter ablation. We aimed to study the frequency
of different anatomical variants of pulmonary venous drainage and their relationship with documented recurrences of AF
after ablation. Material and methods: A retrospective study of patients with AF in whom radiofrequency pulmonary vein
isolation was done after previously performed cardiac contrast-enhanced multidetector computed tomography. Clinical and
procedural characteristics, type and frequency of anatomical variants of the veno-atrial junction and their association with
AF recurrences were studied. Results: One hundred seventy-seven patients (112 men, 63.3%) with AF were studied, of
which 148 (83.6%) with paroxysmal AF. Variant anatomy was found in 91 patients (51.4%). In 20.9% there was a common
left trunk, in 23.2% — more or less than two right-sided veins, and in 7.3% — variations for both right and left veins. No
differences in clinical and procedural characteristics were found between the groups with normal and variant anatomy.
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Recurrences of AF and their association with pulmonary venous anatomy were studied in 104 patients with follow-up = 3
months. No significant relation was found between the presence of variant anatomy and AF recurrences within the blinding
period after ablation, OR = 0.864, 95% CI = 0.397 - 1.88, p = 0.843, nor afterwards, OR = 1.12,95% Cl=0.5-2.5,p =
0.839. Cox regression analysis showed no differences in AF recurrence-free survival regardless of the anatomical variant of
pulmonary venous drainage, HR = 1.09, 95% ClI = 0.58 - 2.05, p = 0.779. Conclusion: In this local population of patients
with AF, the incidence of variant pulmonary venous drainage is just over 50%. No association was found between variant
anatomy and the rate of AF recurrences after first pulmonary vein isolation.
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BbBEAEHME

C Bb3HMKBAHETO M YTBbPXOABaHETO Ha KaTeTbp-
HaTa m3onauusa Ha GenogpobHu BeHW KaTo MeTopn 3a
neyeHue Ha npeacwpaHoTo MbxaeHe (M) ectecTtse-
HO ce Bb30OHOBU MHTEPECHT KbM aHaTOMUYHaTa Bpb3-
ka Ha 6enogpobHuTe BeHU ¢ naBoTo npeacspaue (J111).
3a pasnuka oT apTepuanHoTo AbpBO BEHO3HATa aHa-
TOMUSI MOKa3Ba ronsiMa BapuaTMBHOCT 1 6enoapobHu-
Te BEHM He npaBaAT usknodeHne. Owe B eaHa OT Nbp-
BUTE NMybrnmkaumu, BbNPeKn n3pmyHata n HacoueHOCT
KbM MYCKYIHUTE pbKaBu B 6enogpobHuUTE BEHU, SICHO
nnyn pa3HoobpasmMeTo Ha BEHO-aTpMariHOTO CBbp3Ba-
He [1]. Cnopea pasnuyHM Npoy4BaHMs aHaTOMUYHK Ba-
puaHTn Ha 6enogpobHus BeHo3eH apeHax B J1I1 ce oT-
KpvBaT YecTo 1 Bapmpar B MHOIO LUMPOKW rPaHnLmM — OT
19 pno 75% [2-8]. EAHOBpEMEHHO Bb3HUKHA U UHTEpPEC
Aanv BapuaHTHaTa aHaTOMWUS MOBMUSIBA MO HSAKaKbB
Ha4YMH HEMOCPEACTBEHMTE N OTAANEYEHUTE pesynTaTu
oT abnauusaTa 3a MM [9-13]. oknaaBaHuTe pesyntatu
Ca Pa3HOMOCOYHK. TbI KaTo B HaUMoHaneH mawab no-
0o6HO npoyyBaHe nuncea, NOCTaBuxMe Cu 3a Len ga
n3cnegBame 4ectotata Ha pasnNMyYHUTE aHaTOMUYHU
BapuaHTu Ha 6enogpobHusa BeHO3eH gpeHax B JIM un
Bpb3KaTa UM C AOKYMEHTMpaHu peunamsu Ha M cneg
n3onaums Ha 6enogpobHNTE BEHN.

MATEPUAN U METOAMU

PeTpocnekTMBHO ca MpoyyeHu nauueHTu C npuc-
TbNHO unn nepcuctnpao MM, npu KOUTo € ussbpLUe-
Ha enekTpudecka m3onauus Ha 6enogpobHUTE BeHU
CbC UnNn 6e3 NNUHENHN fe3nn B NABOTO MM ASCHOTO
npeacbpave, M KOUTo MMaT npeaBapuTenHo Hanpa-
BEHa MyNnTUAETEKTOpHa KOMMIOTbpHA ToMorpadus Ha
CbPLETO C KOHTpAcCT. TbpCEHETO Ha NauMeHTU, CbOT-
BETCTBALLM Ha FOPHUTE YCMOBWs, Ce M3BbPLUM Npe3
OonHMYHaTa MHPOpPMAaLMOHHa cucTemMa Mno efgHoBpe-
MEHHO Hanuyune Ha CregHUTE KPUTEPUM: KITMHUYHA Mb-
Teka 21.1, ocHoBHa gnarHo3a no MKE 148 MpeacspaHo

INTRODUCTION

Emergence and establishment of catheter pul-
monary vein isolation as a method for atrial fibrilla-
tion (AF) treatment naturally resumed the interest in
pulmonary veins anatomical connection with the left
atrium (LA). Unlike the arterial tree, the venous anat-
omy shows great variability and the pulmonary veins
are no exception. Even in one of the first publications,
despite its explicit focus on the muscular sleeves in
the pulmonary veins, the diversity of veno-atrial junc-
tion is clearly visible [1]. According to various studies,
anatomical variants of pulmonary venous drainage in
the LA are often found and vary in a very wide range
— from 19 to 75% [2-8]. At the same time, there was
interest in whether variant anatomy in any way affects
the acute and remote results of ablation for AF [9-13].
The reported results are inconsistent. As there is no
such study on a national scale, we set out to study
the frequency of different anatomical variants of pul-
monary venous drainage in the LA and their relation
with documented recurrences of AF after pulmonary
vein isolation.

MATERIAL AND METHODS

Patients with paroxysmal or persistent AF who had
electrical isolation of the pulmonary veins with or with-
out linear lesions in the left or right atrium and who had
previously performed contrast-enhanced multidetector
computed tomography (MDCT) of the heart were retro-
spectively studied. The search for patients meeting the
above conditions was performed through the hospital
information system by the simultaneous presence of
the following criteria: clinical path 21.1, final diagnosis
according to ICD 148 Atrial fibrillation and flutter, and
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MBbXOEHE N TpenTeHe, 1 KOA 3a U3MbJIHEHa npoueaypa
87.41 KomnoTbpHa ToMorpadust Ha rpbaeH kow. OT
Momny4YeHns CNUCBbK Osixa U3KIMHYeHN naumeHTuTe 6e3
npoBefeHa mn3onaumsa Ha 6enogpobHuTe BeHu. MNpea-
CTaBeHU ca gemorpaddCkm U KIMHUYHU XapaKTepuc-
TUKU, NPOLUEAYPHN XapaKTEPUCTUKKU, NPoyveHa e Yvec-
TOTata Ha HopmanHarta U BapuMaHTHaTa aHaToMus Ha
B6enogpobHuTe BeHw. [py naumeHTn ¢ nbpea abnauns
1 npocregsasaHe noHe 3 Mecela e nscnensaHa 4ecTo-
TaTa Ha peumamnem Ha MM no Bpeme Ha TpUMecevHus
3acrieneH nepuog B 3aBUCUMOCT OT aHaTOMUYHUTE Ba-
puaHTV Ha 6enogpobHNs BEHO3EH OpeHax, a npu npo-
crnepsBaHe Hag 3 mecela — 1 YyectoTata Ha peLuansm
Ha M 13BbH 3acneneHns nepuog, OTHOBO B 3aBUCU-
MOCT OT aHaTOMUYHUTE BapuaHTu.

KoHTpacTHo-ycuneHa MynTuaeTeKTopHa
KOMMIOTbPHA TOMorpacdus Ha NsiBOTO
npeacbpaue n 6enogpobHUTe BeHU

MN3obpassasaHeTo Ha MopdonormyHnuTe ocobeHocTu
Ha JIIM ¢ guctanHn 6enogpobHM BEHO3HM CErMEHTU €
4YacT OT KOMMKTbpHaTa ToMorpadms Ha cbpue. T4 ce
npoeexaa B YCINOBUS HAa WMHTPABEHO3HO WOOHO KOH-
TpacTtHo ycunsaHe u EKI Tpurepupaxe. MNpu TOBa 13-
crnefBaHe akUeHT € eQMHCTBEHO CbpLeTo C npunexa-
LMTEe My ronemMu CbAoBU CTPYKTypu. [pbaHaTa Knetka
He e 4YacT OT CkaHupaHus obem B CBOATA LAMOCT.

Ycnosus 3a npoBexgaHe Ha AMarHOCTUYHO KOpo-
HapHO KOMMIOTbP-TOMOrpadCcKo n3crnegBaHe ca:

1. MunumaneH 6pori pegoBe Ha getekTopuTte — 16.
Anapatypara, Ha KOATO ca M3cregBaHn HawuTe nauu-
€HTW, Cce CbCTOoM OT 64 peda AETEKTOPU, KOETO O3HaYa-
Ba, Ye C eHa poTaLms Ha peHTreHoBaTa Tpbba okomno
nauveHTa MoraTt egHoeTanHo fa ce reHepupat go 64
cpesa ¢ gebenuHa 0,625 Mm nnm o6wo 4 cm (3a cpae-
HeHWe — Mpu ckeHep ¢ 16 pena pgetektopu gebenuHa-
Ta Ha ckaHupaHusa obem e camo 1 cm). lNMpu no-ronsam
Opon penoBe OeTekTopu (pecn. ckaHupaH obem npu
efHa poTauus) ce rapaHTupar no-manbk 6pon Heob-
XOAMMW poTauuMu 3a MOKpMBAHE Ha CbpaedyHusa obem.
[upekTeH pesynTaTt e CbKpaTeHOTO Bpeme Ha nscneg-
BaHe, KOETO € OT OFPOMHO 3Ha4YeHue Npy nauueHTn ¢
PUTBMHO-NPOBOAHN HApYLUEHUS.

2. CuHycoB putbM. [pn apuTmMus, KakBaTo HEPSAKO
€ Hanuue npv npoyyeHara rpyna nauumeHTu B MOMeHTa
Ha n3cneaBaHeTo, Ce NpaBy KOMNPOMMIC C TOBa YCroBMe
C UeHata Ha ABurateneH aptedakr. B criyyaun, npu Kouto
B XO[da Ha KOMMTbP-TOMOrpadCkus 3annc naumeHTbT
reHepupa He noeeye OT 3 ekcTpacucTonu, Te mMorar ga
Obaat codTyepHO U3KITIOYEHN OT CbpAEeYHUS aHanus, a
C TOBa fa ce pegyumpar u gpuratenHuTe aptedakTu.

3. CbpaeyHa 4yectota < 65 ya./min. Korato TOBa
€ HEeBb3MOXHO, U3cneaBaHeTo OTHOBO Tbpnu Jderpa-
Jauns Ha KadecTBOTO Ha (POHa Ha gBuratenHu apre-
dakTn.

code for completed procedure 87.41 Computed tomog-
raphy of the chest. Patients without pulmonary vein iso-
lation were excluded from the list. Demographic, clin-
ical, and procedural characteristics are presented, as
well as the frequency of normal and variant anatomy
of the pulmonary veins. In patients with first ablation
and follow-up of at least 3 months, the rate of AF re-
currences during the three-month blinding period was
studied depending on the anatomical variants of pul-
monary venous drainage, and in patients with follow-up
over 3 months — the rate of AF recurrences outside the
blinding period, again depending on the anatomical
variants.

Contrast-enhanced multidetector computed

tomography of the left atrium and pulmonary veins

Imaging of the morphological features of the
left atrium with distal pulmonary venous segments
is part of the cardiac CT study. Intravenous iodine
contrast enhancement and ECG-triggering are nec-
essary parts of the exam. This CT protocol focuses
excessively on the heart with adjacent large vascular
structures. The chest is not part of the scanned vol-
ume in its entirety.

The necessary conditions for conducting diagnos-
tic coronary CT are:

1. Minimum number of detector rows — 16. The
scanning equipment which our patients were exam-
ined on consists of 64 rows of detectors. This means
that one rotation of the X-ray tube around the patient
generates up to 64 slices with a thickness of 0.625
mm or a total thickness of 4 cm (for comparison —
on a 16 rows detector scanner, the thickness of the
scanned volume is only 1 cm). A larger number of
detector rows (respectively scanned volume in one
rotation) guarantees fewer rotations required to cov-
er the cardiac volume. A direct result is the shortened
study time, which is of great importance in patients
with arrhythmias.

2. Sinus rhythm. In arrhythmia, which is often pres-
ent in the examined group of patients at the time of
the scanning, a compromise is made at the cost of a
motion artifact. In cases where patient’s heart gener-
ates up to 3 extrasystoles in the course of the cardiac
scanning, these ectopic beats can be further excluded
from the cardiac analysis with the use of the software,
and thus reduce motion artifacts.

3. Heart rate < 65 beats/min. When this is not pos-
sible, the study again suffers quality degradation in the
setting of motion artifacts.
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4. N3nonseBa ce WHTPaBEeHO3Ha WOA-KOHTpPacTHa
MaTepusi ¢ BUCOKa koHueHTpaunsa 400 mg/ml B konu-
yectBo 90 ml (Npu MHOekc Ha TenecHa Maca < 30) u
CKOPOCT Ha BbBexaaHe 5 ml/s 3a onTumanHo cbpged-
HO-Cb0BO N300passBaHe.

B OToeneHueto no obpasHa gmarHocTuka Ha HKB
nauneHTuTe ce nscneaBat Ha 64-pefoB KOMMOTbPEH
Tomorpad Toshiba Aquilion One cbc codTyep 3a cbp-
AeyHa oueHka. M3nonsBaH e cnegHusiT KOpOHapeH
KOMMIOTBP-TOMOrpaddCKn NpOTOKON:

— CKaHupaH 06em — OT acueHAeHTHa aopTa Ao Cbp-
AedeH anekc

— Bpeme Ha potaums — 0,35 s

— TemnopanHa pesontouna — 150 ms

— BpeMe Ha ckaHupaHe — 8 s

— HanpexeHne 120 KV, naumeHT-uHAMBUOYyanmsu-
paHn mAs (cnopef nHaekca Ha TernecHa maca)

— CTapTupaHe Ha m3crnegBaHeTo crnef OOCTUraHe
OEHCUTET Ha BbTPENYMEHHOTO Cb0BO KOHTpacTupaHe
160 HU

— paebenvHa Ha cpesa Ha CypoBuTe [OdaHHU —
0,5 mm

— PEKOHCTPYKUMA Ha obpasuTe ¢ gebennHa Ha cpe-
3a 1 mm.

Knacudmkaumsa n nedpmHULMM Ha aHAaTOMUYHUTE
BapuaHTu Ha 6enoapobHus BeHo3eH apeHax B JIN

CobluecTByBaT pasnuyHyM Knacudukaumm Ha aHa-
TOMWYHUTE BapuaHTW Ha BEHO-aTpUariHoOTO CBbp3BaHe
[3, 4, 7], HAKOW OT KOUTO TOMKOBA AEeTalnHK, Yye TpyaHO
MoraT ga ce M3nonaeaTt B exegHeBHaTa pabota u ca
Ba)KHM MO-CKOPO 3a LienuMTe Ha aHaTOMU4YHaTa HOMEH-
knatypa [4]. 3a uenute Ha HalleTo Npoy4YBaHe Cbhb3aa-
aoxme cobcTBeHa knacudukaumsi, KosTo Aa oTpassisa
OCHOBHUTE BapuaHTVW M [a € fecHa 3a NpakTUYecKo
n3nonseaHe. Ta ce OCHOBaBa Ha knacudukaumsTa Ha
Kato [3], HO e no-onpocTeHa 1 ChLLeBpeMEHHO No-Bce-
obxeaTtHa. Knacndukauuata n gepmHmummTe ca npeg-
CTaBeHu No-gony:

1. HopmanHa aHaToMus: CaMOCTOATEMHU YCTUS
3a ropHo- 1 gornHogsanosa 6enogpobHU BEHM B NSBO.
CpeaHopgsanoeata 6enogpobHa BeHa B ASICHO Ce BNnBa
B rOpHOAsNOBaTa BeHa, KOSATO € CbC CaMOCTOSTENHO
yctme. CamoCcToATENHO yCTue 3a JonHoasAnoBaTa BeHa
B AscHO. ToBa € T.Hap. HopmariHa 4YeTupuocTmanHa
aHaToMu4 C Mo ABe BEHO3HM YCTUSA B MSIBO U B AACHO
(cpur. 1).

2. Kbc 06wy naB cTBom: o6LWO yCTUe 3a ropHo- n
aonHoasinoea 6enogpo6HU BEHN B NSABO C AbIKMHA 0
natepanHa J1MN cteHa < 1 cm (dwur. 2).

3. Obnbr obuwy, nsB cTBOM: 00O YyCTME 3a FOPHO- U
aonHoasinoea 6enogpo6HM BEHN B NABO C AbIHKMHA 00
natepanHa J1MN cteHa > 1 cm (cwr. 3).

4. AHomarneH Opor 3a BEHO3HUTE OCTUYMU B ASICHO:
noBe4ye Unu no-mMarko oT obuyanHUTe ABa CaMOCTOSI-

4. Intravenous iodine-contrast material with a
high concentration of 400 mg/ml in an amount of 90
ml (when the body mass index < 30) and an injection
rate of 5 ml/sec is used for optimal cardiovascular
imaging.

At the Diagnostic Imaging Department of our in-
stitution, patients are examined on a 64-row Toshi-
ba Aquilion One CT scanner with cardiac assess-
ment software. The following coronary CT protocol
is used:

— scanned volume — from the ascending aorta to
the cardiac apex

— rotation time — 0.35 sec.

— temporal resolution — 150 msec

— scan time — 8 sec.

—voltage 120 KV, patient-individualized mAs
(according to body mass index)

— initiation of scanning after reaching intraluminal
vascular contrast density of 160 HU

— raw data slice thickness — 0.5 mm

— reconstruction of the images with a slice thickness
of 1 mm.

Classification and definitions of anatomical
variants of pulmonary venous drainage in the LA

There are different classifications of the anatomi-
cal variants of venous-atrial connection [3, 4, 7], some
of which are so detailed that they are difficult to use
in everyday practice and are more important for the
purposes of anatomical nomenclature [4]. For the
purposes of our study, we created our own classifi-
cation that reflects the main variants and is easy to
use in practice. It is based on the Kato classification
[3], but is more simplified and at the same time more
comprehensive. The classification and definitions are
presented below:

1. Normal anatomy: separate ostia for superior
and inferior pulmonary veins on the left. The middle
lobe pulmonary vein on the right joins the superior lobe
vein, which has a separate ostium. Separate ostium for
the inferior lobe vein on the right. This is the so-called
normal four-ostial anatomy with two venous orifices on
the left and two on the right (Fig. 1).

2. Short common left trunk: common ostium for the
superior and inferior pulmonary veins on the left with
length to the lateral LAwall < 1 cm (Fig. 2).

3. Long common left trunk: common ostium for the
superior and inferior pulmonary veins on the left with
length to the lateral LA wall > 1 cm (Fig. 3).

4. Abnormal number of right venous ostia:
more or less than the usual two single venous ostia.
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TErNHW BEHO3HM OCTUyMa. BKItouBaT ce kakTo CBPbXOpoit-
HW MYNTMOHAIHN BEHW, T.€. CAMOCTOSITENHO APEHNPaHe 3a
cpeneH 6enoapobeH SN UK HAKOW OT CErMEHTUTE, Taka
1 O6LL BEHO3EH aHTPyM 3a 0OMYaiHUTE [ABE BEHMU (CLOT-
BETCTBA Ha KbC 06y a8 cTBON) (chur. 4).

5. KomG1HupaHa nsiBo-AsiCHA Haxoaka: BKMo4Ba
KOMBUHaUMA mexay BapyaHtu 2 u 4 nnu BapuaHtn 3

Supernumerary pulmonary veins are included, i.e.,
separate drainage of the middle pulmonary lobe or
some of the segments, as well as a common venous
antrum for the usual two veins (corresponds to a short
common left trunk) (Fig. 4).

5. Combined left-sided and right-sided variant:
includes a combination between variants 2 and 4 or

n 4, nnu gpyru BapueTeTu, 3acsaraliy eqHoBpeMEHHO
nesute n gecHute 6enogpobHu BeHu (cur. 5).

KomnioTbp-Tomorpadcknte nscnensaHus Ha BCuY-
K/ naumeHTn 6sixa MOBTOPHO MpernegaHn, PEKOHCTPY-
npann B 3D obpasn n knacuduumnpanm cnopes nedu-
HUUMWTE B ropHaTta knacudukaumsi.

variants 3 and 4, or other variations of both the left-
sided and right-sided pulmonary veins (Fig. 5).
Computed tomography exams of all patients were
reviewed, reconstructed into 3D images and classified
according to the definitions in the above classification.

®wur. 1. HopmanHa 4-ocTuanHa nyrnmMoHanHa BeHo3Ha aHatoMusi, aHatoMmuyeH Tvn 1. (A) —=MIP (maximum intensity projection) pekoHCTpyKLus,
AP npoekuusi, kopoHapHa paBHUHa. HopmarneH BapuaHT Ha BNMBaHe Ha nynMoHanHuTe BeHu B JII — caMocTosiTeNHM OCTUyMm 3a Bceku oT be-
noapobHuTe asnose 1 0bLLO yCTUE 3a FTOpPeH U CpedeH Asn B ASCHO. BeHO3HUTE ocTMyMM ca Ha OTCTosiHME efiuH oT Apyr. RSPV — ascHa ropHa
6enoapobHa BeHa (apeHupa ropeH u cpefeH 6enogpobHun ganose); RIPV — gacHa gonHa 6enogpobHa BeHa (apeHvpa goned asn); LSPV —
nsiBa ropHa benogpo6bHa BeHa (ApeHupa ropeH asn); LIPV — nasa gonHa 6enoapobHa BeHa (apeHupa goneH aan). (B) — 3D (volume rendering)
pekoHcTpykums B AP npoekums. (C) — 3D pekoHcTpykums B PA npoekums

Fig. 1. Normal 4-ostial pulmonary venous anatomy, anatomical type 1. (A) — MIP (maximum intensity projection) reconstruction, AP projection,
coronary plane. Normal variant of drainage of the pulmonary veins into the LA — separate ostia for each of the lung lobes and a common ostium
for the upper and middle lobes on the right. The venous ostia are spaced apart. RSPV — right superior pulmonary vein (drains the upper and
middle lung lobes); RIPV — right inferior pulmonary vein (drains the lower lobe); LSPV — left superior pulmonary vein (drains the upper lobe);
LIPV — left inferior pulmonary vein (drains the lower lobe). (B) — 3D (volume rendering) reconstruction in AP projection. (C) — 3D reconstruction
in PA projection

®dur. 2. Kbc 06wy nsB CTBOS, aHAaTOMUYEH Tun 2.
(A) — AP npoekuus, kopoHapHa paBHMHA. Kbc
nsB cTBoNn — obLy oOCcTMYM 3a ABeTe MynMoHar-
HW BEHW Ha OTCcTosiHMe < 1 cM OT nmaTtepanHa-
Ta cTeHa Ha JN. (B) — caruTtanHa (natepanHa)
NpoeKLKMsl Ha HUBO NEBU MySIMOHaNHN BEHO3HU
ocTuymun. Buxaa ce cnmBaHeTo Ha BEHO3HWUTE
yctusi (6enute CTpenku) npeagu BVBaHETO UM
B J1M kaTo 06wy ocTnym ¢ AbmkmHa < 1 cm (C) —
3D pekoHcTpykumsa B PA npoekums

Fig. 2. Short common left trunk, anatomical type
2. (A) — AP projection, coronary plane. Short left
trunk — common ostium for the two pulmonary
veins at a distance < 1 cm from the lateral wall
of the LA. (B) — sagittal (lateral) projection at the
level of left pulmonary venous ostia. The fusion

-y

of the venous ostia (white arrows) before their drainage into the LA is seen as a common ostium with a length of < 1 cm (C) — 3D reconstruction
in PA projection
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®ur. 3. Jbnbr obuw, nss cTBorn, aHatommdeH Tun 3. (A) — AP n3obpaxeHne B KopoHapHa paBHuHa. [1BeTe nesu 6enogpobHn BeHn dopmumpat
06w cTBon ¢ agbmkuHa > 1 cm. (B) — 3D kopoHapeH cpes npes J1M 1 obwums cteon B AP npoekuus. (C) — 3D kopoHapeH cpe3 Ha Apyro HMBO npe3
JM B AP npoekumsi. FicHO Nuym cnMBaHETO Ha ropHaTta v JonHaTa nesu 6enogpobHu BeHn B 06L Abnbr TyBynapeH KOnekTop, KOMTo ce Bnuea
B JIMN. (D) — 3D pekoHcTpykums B PA npoekuums

Fig. 3. Long common left trunk, anatomical type 3. (A) — AP image in the coronary plane. The two left pulmonary veins form a common trunk with
a length > 1 cm. (B) — 3D coronary section through the LA and the common trunk in AP projection. (C) — 3D coronary section at another level
through the LA in AP projection. The fusion of the superior and inferior left pulmonary veins into a common long tubular collector, which drains
into the LA, is clearly visible. (D) — 3D reconstruction in PA projection

®ur. 4. AHomaneH 6poit 3a BEHO3HUTE OCTUYMU B ASICHO, aHAaTOMWUYEH Tun 4.
(A) — 3D kopoHapeH cpes npes J1IN B AsicHa npefHa koca npoekuus. B ascHo ce
BM3yanunsnpar CBbPXOPONHU MySIMOHaNHN BEHWN NPU CaMOCTOATENHO APeHnpaHe
Ha cermMeHTHU BeHu. (B) — 3D pekoHcTpykums Ha J1I B caruTanHa paBHuHa € 5
6enoapobHu BeHu B asicHo. (C) — 3D pekoHcTpykuusi Ha J1M B carntanHa paBHu-
Ha C KayganHa aHrynauus

Fig. 4. Anomalous number of venous ostia on the right, anatomical type 4. (A)
— 3D coronary section through the LA in the right anterior oblique projection. On
the right, supernumerary pulmonary veins are visualized, with separate drainage
of segmental veins. (B) — 3D reconstruction of the LA in the sagittal plane with
5 pulmonary veins on the right. (C) — 3D reconstruction of the LA in the sagittal
plane with caudal angulation
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Abnauus

MogroToBkata Ha nNauMEHTUTE BKMKYBA MYNTU-
[eTeKTopHa KOMMITbpHa ToMorpadms Ha CbpuUETo C
KOHTpACT, KakTo e onucaHa no-rope. lonyyeHnute ce-
pWUAHWM Cpe3n ce CerMeHTupaT B cuctemarta 3a enek-
TpoaHatomunyeH menuHr (EnSite Precision, Abbott,
USA) 1 TpumamepHata pekoHcTpykums Ha JIlM, yxoTo
My n 6enogpobHuTte BeHM Ce M3MNon3Ba Mo BpeMe Ha
npoueaypara. MsonaumaTta Ha 6enogpobHuTe BEHM B
HalWns LUEHTbP Ce M3BbpLUBa MO METOAMKa, onvMcaHa
npeau, Ha ooHa Ha HenpekbCHaTa nepoparHa aHTUKO-
arynauus [14, 15]. HakpaTko, BbBexaa ce [uarHoc-
TWYEH MHOFOMOMKCEH KaTeTbp B KOPOHAPHMS CUHYC,
npaBwu ce ABOWHA TpaHccenTanHa NyHKUMs 1 creg cuc-
TeMHO xenapuHusupaHe B JI ce BbBexaaT Asa AbNru
uHTpoatocepa, 10-nontoceH UMPKYNSpeH MenuiHr Ka-
TETbp M abnaunMoHeH KaTeTbp C OTBOPEHa upurauus
N rbBKaB NasepHo-HapssaH BpbXx (Therapy CoolFlex,
Abbott, USA). Cbc cuctemarta 3a enekrpoaHaTOMUYeH
MEMUHF 1 C LMPKYINSPHUSE MEMNUHT KaTeTbp Ce Cb3aaBa
TpumamepeH obpas u BonTaxkHa kapta Ha JIN. C abna-
LMOHHUSA KaTeTbp LMPKYM@EPEHTHO MO rpaHuuara Ha
BEHO3HMTE aHTpPyMu ce npunarat paguopeKkBEeHTHU
annukaLumn B peXXMM C KOHTPOI Ha TemneparypaTta go
enMMMHMPaHe Ha BEHO3HWUTE MOTeHUManu v o ou-

®dur. 5. KomGUHMpaH NsiBO-AECEH BapuETET, aHaTOMUYEH TunN
5. (A) — kopoHapHa AP npoekuus Ha J1M ¢ gBycTpaHHK 06Lm
nyrnMOHarnHn BeHo3HW aHTpymu. (B) — 3D kopoHapeH cpes npes
JIMN ¢ Tpu nynMoHanHu BeHun B NsIBO U 06LL, aHTPYyM B ASICHO

Fig. 5. Combined left-sided and right-sided variation,
anatomical type 5. (A) — coronary AP projection of LA with
bilateral common pulmonary venous antrums. (B) — 3D
coronary section through the LA with three pulmonary veins on
the left and a common antrum on the right

Ablation

Patient preparation includes contrast-enhanced
cardiac MDCT as described above. The resulting se-
rial sections were segmented into the electroanatom-
ical mapping system (EnSite Precision, Abbott, USA)
and the three-dimensional reconstruction of the LA,
the LA appendage, and the pulmonary veins was used
during the procedure. The pulmonary vein isolation in
our center is performed as described earlier, on unin-
terrupted oral anticoagulation [14, 15]. Briefly, a diag-
nostic multipolar catheter is inserted into the coronary
sinus, a double transseptal puncture is performed, and
after systemic heparinization, two long introducers,
a 10-pole circular mapping catheter, and an ablation
catheter with flexible laser-cut tip and open irrigation
(Therapy CoolFlex, Abbott, USA) are inserted into the
LA. A three-dimensional image and a voltage map of
the LA are created in the electroanatomical mapping
system using the circular mapping catheter. With the
ablation catheter, radiofrequency applications are ap-
plied circumferentially along the border of the venous
ostia in a temperature-controlled mode until the venous
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COUMMPAHETO MM OT NpeacbpaHuTe noteHumanu. [o-
MbIHUTENHO 3a NOTBbPXAABaHe Ha NOCTUrHaTa enek-
Tpudecka nsonaums ce npasu u ctumynaumsa ot KC u
OT BCSIKO BEHO3HO YCTME C MOLLHOCT Ha umnyncute 11
mA. py HeobxoaMMOCT OT KOMOWHMpPaHE Ha BEHO3-
Ha usonauusi ¢ NMUHENHW Ne3nn BMECTO LMPKYNSApHUS
MENUHI KaTeTbp ce usnonasea 16-nontoceH (4 x 4) ka-
TeTbp 3a BUcOKONNbTHOCTEH MenuHr Advisor HD Grid
(Abbott, USA). B kpas Ha npouegypaTta CUCTEMHUAT
XenapuHoB ed)ekT He ce HeyTpanuanpa ¢ NpoTamuH,
a BMEeCTO TOBa Ce Mnpunara BpPEMEHEH XemoCTa3eH
Z-11eB, 3aTerHaTt ¢ TPUMbTHO KpaH4ye Unu Bb3er, KOETOo
Nno3BorisiBa He3abaBHO OTCTpaHsiBaHE Ha UHTpoAKCce-
pute 6e3 MaHyanHa KoMnpecus 1 MakcumarnHo 6bp3o
pasgBwxBaHe Ha nauueHTa [16, 17].

MauneHTnTe ca npocnegexHn Ha 1, 3, 6 nnu 9, 12
Mecel, crnef npoueaypara, U BeOHBX roguHO cren
ToBa. [1pocnensasaHeTo e ¢ Bu3uTa, EKIM 1 xontep-EKT.
OTunTaHn ca BCUYKM AOKYMEHTUPAHU peunanBsu cneg
abnauyusaTa.

Cratuctuyeckm aHanus

CTaTnCTMYecKMAT aHanM3 € WU3BbPLUEH C naket
jamovi 1.6.23. PasnpegeneHneTo Ha JaHHUTE € oue-
HABaHO 4pe3 TecT Ha Shapiro-Wilk. HenpekbcHaTute
AaHHU C HOpMariHO pasnpeferneHne ca npeacraBeHu
KaTo cpefHa CTOMHOCT + CTaHOAPTHO OTKIOHEeHue (Mu-
HAMYM — MaKCUMyM), a Te3n C pasnpegenexHve, pas-
NNYHO OT HOPMAarHOTO — KaTo MeuaHa U UHTepKBapTu-
neH wnHtepsan (25-75% nepceHtun). OTHOCUTENHUAT
09N e npeacTaBeH Kato NPOoUEeHT. 3a mMexayrpynosu-
TE€ CpaBHEHMS Ca W3MNOM3BaHW HenapameTpuyeH TecT
Ha Mann-Whitney un t-tect Ha Student 3a He3aBucumm
n3sagku. Bpbakata mexagy BeHo3HaTa aHaToOMust 1 pe-
umamente Ha MM no Bpeme Ha 3acreneHus nepuog u
cnep U3TMYaHeTO My e OLEHEHa Ypes y2-TeCT Y TOUYHUS
TecT Ha Fisher. MNpexnBaemoctTa 6e3 4OKYMEHTMpPaH
peunamns Ha MM e npeacTaBeHa Ypes Kpmu Ha Kaplan-
Meyer n perpecuoHeH aHanma Ha Cox. CTOMHOCT Ha p
< 0.05 e npueta 3a CUrHUPUKAHTHA.

PE3YNTATH

MpoyyeHn 6sixa 177 naumeHtn (112 mbxe, 63,3%)
c MM, ot kouto 148 (83,6%) ¢ npuctbnHo MM 1 29
¢ nepcuctmpaiwio lNM. Yectotata Ha aHaTOMU4HUTE
BapuvaHTU Ha OGenogpobHusi BeHo3eH apeHax B JIIM
e npeacraseHa B Tabn. 1. BapmaHTHa aHaTtomus ce
oTkpy npu 91 naumeHtn (51,4%). Mpun 37 (20,9%) ot
TSIX Ce YCTaHOBW KbC UM ObNbr 06w, nas 6enogpo-
©eH BeHo3eH cTBon, a npu apyrm 41 (23,2%) — noBede
UIn no-marnko oT ABe BEHO3HU yCTuda B AdcHo. INMpu 13
(7,3%) naumeHTn ce ycTaHOBMXa BapueTeTu eaHOBpe-
MEHHO B NeBuTe U AecHuTe 6enoapobHu BeHN.

potentials are eliminated or dissociated from the atrial
potentials. In addition, to confirm the achieved electri-
cal isolation, stimulation is performed by the CS and
each venous antrum with a pulse power of 11 mA. If it
is necessary to combine pulmonary vein isolation with
linear lesions, a 16-pole (4x4) high-density mapping
catheter Advisor HD Grid (Abbott, USA) is used instead
of the circular mapping catheter. At the end of the pro-
cedure, the systemic heparin effect is not reversed with
protamine; instead, a temporary hemostatic Z-suture
is applied and tightened with a three-way stopcock or
knot, which allows immediate removal of the introduc-
ers without manual compression and maximally rapid

ambulation of the patient [16, 17].

Patients were followed at months 1, 3, 6 or 9, and
12 after the procedure, and once a year thereafter. Fol-
low-up included clinical visit, ECG and Holter-ECG. All
documented recurrences after ablation were recorded.

Statistics

The statistical analyses were carried out with
jamovi 1.6.23. Data distribution was assessed by
Shapiro-Wilk test. Continuous data with normal dis-
tribution are presented as mean + standard deviation
(minimum — maximum), while data with non-normal
distribution were presented as median and interquar-
tile range (25%-75% percentile). Proportions were
presented as percentages. Mann-Whitney and Stu-
dent’s t-test for independent samples were used for
intergroup comparisons. The relationship between ve-
nous anatomy and AF recurrences during the blinding
period and afterwards was assessed by the y?-test
and Fishers exact test. AF recurrence-free survival
was assessed by Kaplan-Meyer curves and Cox re-
gression analysis. A p-value < 0.05 was considered
significant.

RESULTS

One hundred seventy-seven patients (112 men,
63.3%) with AF were studied, of which 148 (83.6%)
with paroxysmal AF and 29 with persistent AF. The fre-
quency of the anatomical variants of the pulmonary ve-
nous drainage in the LA is presented in table 1. A vari-
ant anatomy was found in 91 patients (51.4%). In 37
(20.9%) of them a short or long common left pulmonary
venous trunk was found, and in another 41 (23.2%) —
more or less than two right-sided venous orifices. In 13
(7.3%) patients, variations were found in both the left
and right pulmonary veins.
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MoapoBHN KIMHWMYHM XapaKTepUCTMKM Ha mpoy4e-
HaTa nonynauusi ca npeactaBeHun B Tabn. 2. Mpoueay-
PHUTE XapaKTepuUCTMKN ca MokasaHu B Tabn. 3. Mexay
nauveHTUTe C HopMariHa U BapMaHTHa aHaToMust Ha Be-
NoApoGHUTE BEHW He ce YCTaHOBUXa 3Ha4YMMK pasfnkm
MO HUKOS OT XapakTePUCTUKNTE, MOCOYEHN B Tabnuum 2
1 3, C U3KNIOYEHNEe Ha YecToTaTa Ha cbpaeyHa HegocTa-
TbYHOCT C HamarieHa paKkLMs Ha U3TNackeaHe.

Detailed clinical characteristics of the studied popu-
lation are presented in table 2. The procedural charac-
teristics are shown in table 3. No significant differences
were found between patients with normal and variant
pulmonary vein anatomy in any of the characteristics
listed in Tables 2 and 3, except for the incidence of
heart failure with reduced ejection fraction.

Ta6nuua 1. YecToTa Ha aHaTOMUYHUTE BapuaHTU Ha Genoapo6eH BeHO3eH ApeHax

Table 1. Incidence rate of anatomical variants of pulmonary venous drainage

BapwuaHT / Variant YecTorta (n, %) / Incidence (n, %)
1 — HopmanHa 4-octnanHa aHatomus / 1 — normal 4-ostial anatomy 86 (48.6)
2 — kbc 06w nsiB cTBon / 2 — short common left trunk 19 (10.7)
3 — obnbr obuw nas ctBon / 3 — long common left trunk 18 (10.2)
4 — aHomareH 6pow BeHO3HM ycTus BAsicHo / 4 — anomalous number of right-sided venous ostia 41 (23.2)
5 — komMBuHauusa oT BapuaHt 2 1 4, unu 3 n 4, Unu Apyru Bapuauum eGHOBPEMEHHO Ha NeBUTE 1
necHuTe BeHn / 5 — combination of variants 2 and 4 or 3 and 4 or other variations of both the left-sided and 13 (7.3)
right-sided ostia
Tabnuua 2. U3xoaHu xapaKTepMCTUKMA Ha NauMeHTUTe
Table 2. Baseline characteristics of the patients
HopmanHa aHaTomus BapwuaHTHa aHaTomMusa p
Normal anatomy Variant anatomy
Bpowi nauneHTn / Number of patients 86 91
Bwb3pacT (roa.) / Age (years) 60 (54-65.8) 61 (54.5-64) 0.701
Pbct* / Height* (m) 1.72 (1.65-1.8) 1.72 (1.64-1.78) 0.51
Terno* / Weight* (kg) 87+17.1 (48-120) 88.3+14.8 (55-124) 0.66
WHpekc Ha TenecHa maca* / Body mass index* 28.4 (25.1-33) 29.3 (26.6-32.2) 0.372
KpeatuHuH / Creatinine (umol/L) 90 (81-101) 94.8+16 (52-143) 0.088
eGFR (ml/min/1.74 m?) 70.2+13.2 (38-108) 68.1+13.4 (37-105) 0.294
KpeatunHunHoB knupbHC* / Creatinine clearance® (ml/min./1.74 m? 93.1+£29.5 (41-173) 87.5 (73-101) 0.674
MpuapyxaBawwm 3abonasaxust /Comorbidities (n, %):
-KBC / — CAD 4(4.7) 6 (6.6) 0.579
— MNencmenkbp /| — Pacemaker 1(1.2) 2(2.2) 0.6
— Crap uHcynt/TUA / — Previous stroke/TIA 4.(4.7) 5(5.5) 0.802
— 3axapeH gunabert / — Diabetes mellitus 7(8.1) 12 (13.2) 0.281
— Xunotupeonansbm / — Hypothyroidism 16 (18.6) 14 (15.4) 0.571
— XpoHnyHo 6b6peyHo 3abonsasaHe / — Chronic kidney disease 6 (7) 6 (6.6) 0.922
- XOBb / - COPD 4(4.7) 5(5.5) 0.802
— ApTepuanHa xunepTtonus / — Arterial hypertension 70 (81.4) 64 (70.3) 0.087
— KnanHa 6onect / — Valvular disease 6 (7) 3(3.3) 0.268
— CHHOW |/ — HFrEF 4(4.7) - 0.039
— CHs®W / — HFpEF 3(3.5) 9(9.9) 0.092
— O6esutet* / — Obesity* 28 (38.4) 33 (46.5) 0.327
CHA,DS,VASc 2 (1-2) 1(1-2) 0.308
HASBLED 0 (0-1) 0 (0-0) 0.315

* — B Te3n kaTeropum ca HanuyHu gavHun 3a 124 naumeHtn. KbC e gedurHupaHa kato ctap MuokapaeH MHdapkT/npeaxogHa nepkyTaHHa Ko-
poHapHa MHTepBeHuua/npeaxogHa kopoHapHa 6an-nac onepaums. TUA — TpaHsuTopHa ncxemuyHa araka; XOBb — xpoHW4Ha 06CTpyKTUBHA
6enoapobHa 6onect; CHH/3®U — cbpaeyHa He[oOCTaTLYHOCT C HamaneHa/3anaseHa dpakuusi Ha n3TrnackeaHe.

* — data for 124 patients are available in these categories. CAD is defined as an old myocardial infarction/previous percutaneous coronary
intervention/previous coronary artery bypass surgery. TIA — transient ischemic attack; COPD - chronic obstructive pulmonary disease; HFr/pEF

— heart failure with reduced/preserved ejection fraction.
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Tabnuua 3. XapakTepuCTUKU HA apuUTMUATA, exorpad)CKoTo uscrieaBaHe 1 abnauusaTa

Table 3. Characteristics of the arrhythmia, cardiac ultrasound study, and ablation

HopmanHa aHaTomus BapuaHTHa aHaToMusA p
Normal anatomy Variant anatomy

MpuctbneH xapaktep Ha MM / Paroxysmal AF (n, %) 70 (81,4) 78 (85,7) 0,44
NasHocT Ha MM (mec.) / AF duration (months) 43,5 (16,5-82) 42 (12-84) 0,675
Bpon nsnon3saHy aHTMAPUTMUYHN MEeONKaMEHTH 2 (1-3) 2 (1-2,75) 0,822
Number of previously used AADs
JIN punatauwms / LA dilation (n, %) 57 (66,3) 53 (58,2) 0,273
SUNIK / LVEF (%) 60 (55-65) 60,5 (56-65) 0,403
Tun npouenypa / Type of procedure (n, %):
- PVI 67 (79,8) 69 (75,8)
— PVI + abnauwns Ha KTW / — PVI + CTI ablation 12 (14,3) 18 (19,8) 0,855
— PVI + 1IN nuHenHa abnaumsa / — PVI + LA linear ablation 4 (4,8) 4 (4,4)
— PVI + dokanHa abnauwms / — PVI + focal ablation 1(1,2) -
DAP (uGy*m?) 5900 (4386-8696) 5586 (4338-7488) 0,589
PannodpekseHTHO Bpeme / Radiofrequency time (s) 3229 + 1459 (636-7451) 3087 + 1445 (766-6290) 0,572
YcnoxHenus / Complications (n, %) 3(3,5) 8(8,8) 0,146

DAP — npounsBegeHrue ,0o3a-nnowy* / dose-area product; PVI — nsonaumsa Ha 6enogpo6Hu BeHu / pulmonary vein isolation; KTU — kaBoTpukycnu-

panen nctmyc / CTIl — cavotricuspid isthmus; AAD — antiarrhythmic drug

Mpwn 73 naumMeHTn NpocrneasiBaHETO € C NPOAbITKU-
TenHocCT < 3 MeceLa unm nMnceaLlo, unu npouegypara
e OGuna NOoBTOPHa M Te ca WU3KIMKYEeHN OT aHanu3a Ha
peunansnte Ha M. MNpu octaHanute 104 naumneHTH
(58,8%) npocnegsaBaHETO € C NPOABLIPKUTENHOCT = 3
MeceLa 1 Npu TsX € aHanuanpaHa Bpb3kata Mexay be-
nogpobHaTta BeHo3Ha aHaToMus 1 peumameuTe Ha M,
KaKTO B 3acneneHus nepmoa, Taka v cnej u3TuiaHeTo
My. Mopagun cpaBHUTENHO Mankus G6pon naumeHTn B
OTAENHWTE rpynu ¢ BapmaHTHa aHaTtomus Te Bsxa obe-
OWHEHW B ABe rpynu ¢ npnbnmantenHo egHakss 6pon
nauneHTn — ¢ HopMarnHa aHatoMusi (BapmaHT 1) u ¢ Ba-
puaHTHa aHaTomus (BapuaHth 2-5). Npu naymeHTUTe
C HOpMarHa aHaToOMusi MPOABLIPKUTENHOCTTa Ha Mpo-
cnegssaHeTo e ¢ meanaHa 10 meceua, IQR 6-17 me-
ceLa, a Npv Te3n ¢ BapuaHTHa aHatomus — 12 meceua,
IQR 6-15,5 meceua, p = 0,706. He ce oTkpu 3Haunma
Bpb3Ka Mexay HanMyMeTo Ha BapuaHTHa aHaToMus U
peunameute Ha MM B cnenusi nepuoa cnep abnauus,
OR = 0,864, 95% CI = 0,397 — 1,88, p = 0,843, Huto
cnen nstuyadeto my, OR =1,12,95% CI=0,5-2,5,p
= 0,839 (dwur. 6).

MpexunBaemocTTa 6e3 peunams Ha INM e nokasaHa
Ha dur. 7. PerpecnoHHmaT aHanu3 Ha Cox He nokasa
3HaYMMM PasnmKkn B NpexmnssemoctTa 6e3 peunans He-
3aBMCUMO OT aHAaTOMUYHWSI BapuaHT Ha 6enogpobHus
BeHOo3eH gpeHax, HR = 1,09, 95% Cl = 0,58 — 2,05, p
=0,779.

In 73 patients, the follow-up was < 3 months or ab-
sent, or the ablation was a redo and they were exclud-
ed from the analysis of AF recurrences. In the remain-
ing 104 patients (58.8%), the length of follow-up was
= 3 months and the relationship between pulmonary
venous anatomy and recurrences of AF within the
blinding period, as well as beyond its expiration was
analyzed in them. Due to the relatively small number
of patients in the individual groups with variant anato-
my, they were regrouped into two groups with approx-
imately the same number of patients — with normal
anatomy (variant 1) and with variant anatomy (vari-
ants 2-5). In patients with normal anatomy the medi-
an follow-up was 10 months, IQR 6-17 months, while
in those with variant anatomy it was 12 months, IQR
6-15.5 months, p = 0.706. No significant association
was found between the presence of variant anatomy
and AF recurrences within the blinding period after
the ablation, OR = 0.864, 95% CI = 0.397 — 1.88, p =
0.843, nor beyond its expiration, OR = 1.12, 95% CIl =
0.5-2.5, p =0.839 (Fig. 6).

AF recurrence-free survival is shown on Fig. 7. Cox
regression analysis showed no significant differences
in recurrence-free survival regardless of the anatomical
variant of pulmonary venous drainage, HR = 1.09, 95%
Cl=0.58-2.05,p=0.779.
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recurrence_within_blinding: OR (95% CI, p-value)
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®ur. 6. KoedmumeHT Ha BeposaTHOCT 3a peumnams Ha MM B 3aBUCUMOCT OT aHaToMusiTa Ha 6enoapobHus BeHO3eH ApeHax. A — B cnenvs Nepuo;
B — cnep kpasi Ha cnenua nepwog. PV anatomy 1 — HopmarnHa aHatomus, PV anatomy 2 — BapuaHTHa aHaToMus

Fig. 6. Odds ratio for AF recurrence depending on the anatomy of pulmonary venous drainage. A — within the blinding period; B — beyond the
end of the blinding period. PV anatomy 1 — normal anatomy, PV anatomy 2 — variant anatomy
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Fig. 7. Kaplan-Meier curves for AF recurrence-free survival depending on the anatomy of pulmonary venous drainage. The red curve indicates

normal anatomy, the pale green — variant anatomy

OBCBXAOAHE

OcHoBHaTa Haxodka B HACTOSILLETO NpoyyBaHe €, ye
aHaTOMUYHM BapuaHT1 Ha 6enogpobHms BEHO3EH ApeHax
B JII ce oTkpuBaT B MOMOBMHATA MaUMEHTU, NOOSIOXKEHN
Ha enekTpuyecka nsonaums Ha 6enogpobHuTe BeHn. Oco-
©EHO MHTEPECHO € HaMUPAHETO Ha KOMOWHMPaHW Bapue-
TETU Ha NEBUTE U AeCHUTE BenoapoOHN BEHN B HEMAITbK
©pon crnydam — Haxogka, KOATO [0 cera € On1cBaHa psiaKo.
BapuaHTHaTa aHaToMusi He Moka3Ba Bpb3ka C YectoTara
Ha peunameuTe Ha M cneg abnauums.

DiscussION

The main finding in the present study is that ana-
tomical variants of pulmonary venous drainage in the
LA were found in half of the patients undergoing elec-
trical pulmonary vein isolation. The finding of combined
variations of the left and right pulmonary veins simulta-
neously in a large number of cases — a finding that has
been rarely described so far — was especially interest-
ing. However, the variant anatomy was not related to
the recurrence rate of AF after ablation.
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Oue B aHAaTOMO-XUCTOMOMMYHOTO NPOYyYBaHe Ha
HenoabpaHu obpasum ot Ho et al. B 6 oT 26 cbpua
(23%) ce yctaHoBsaBaT BapueTeTn B 6pos Ha Beno-
ApOOHMTE BEHU, KOMTO ca pasnpefeneHn egHakBo
3a nesute n gecHute BeHu [2]. Kato et al. 3a npbB
NbT NPaBAaT AeTaWnHO MarHUTHO-PE30HAaHCHO Npo-
yuYBaHe Ha BeHO3HaTa aHaToMus npu 28 naumeHTn
¢ MM n KoHTponHa rpyna ot 27 nauueHTu, n ycTa-
HOBSAIBAT BapuaHTHa aHatomus B 21 oT obwo 55
nauneHTn (38%), 6e3 pasnukn mexay ABETE rpynu.
B ToBa npoyyBaHe e u NbpBaTta knacupukauma Ha
pasnuMyHMTE BapuaHTU, YCTAaHOBEHM OT aBTopwuTe.
Han-yecTuaTt BapuaHT e obWUAT NAB CTBON, crnea-
BaH OT OOMbIIHUTENHA AsicHa cpefHa GenogpobHa
BeHa [3]. MNpe3 cbwara rognHa Scharf et al. onuc-
BaT 4ype3 MyNTUAETEKTOPHA KOMMTbLPHa TOMorpa-
dua npun 11 ot 58 naumeHTtn ¢ MM kato Han-yecT
BapuaHT gobaBHa AsicHa cpefHa BeHa, crneiBaH oOT
obuw nae cteon [4]. Marom et al. cb3gaBaT MHOrO
AeTannHa knacudukaumsi Bb3 OCHOBa Ha KOMMIO-
Tbp-TOMOrpadgpcko macnegsaHe npu 201 naumeH-
TW C WHAUKALUUSA, pa3nnyHa OT apuTMusA (OCHOBHO
6enogpobeH embonusbm). Te ycTaHoBsBaT fec-
HocTpaHHK BapueTeTn B 30% wn neBoCTpaHHM — B
14%, n obocobsaeat 10 aHaTOMWYHM TUNa BEHO3€EH
ApeHax 3a gecHute u 4 Tuna 3a NeBUTE BEHU, HO
He yCTaHOBsIBAT Bpb3ka MexXAy Bb3HUKBAHETO Ha
npeacbpaHn apuTMuMM u cneumduyeH aHaToMUYeH
Tin [5]. OT Te3nm n apyru npoyyBaHus cTaBa SCHO,
Yye obUYANHUAT BapnaHTEH ApeHax B NSBO e npea-
cTaBeH oT 06w cTBON (KbC MNM AbNLr), a gobas-
Ha nsBa BeHa ce cpelya No U3KMYeHne, AokaTo B
OSICHO HaW-4eCTO BapMaHTHUAT OpeHax ce u3pass-
Ba B eHa unn nose4vye obaBHW BeHW, a obWMAT
CTBOJ&T € MHOro psiaka Haxogka [6-8]. MIHTepecHO
e, ye camo B ABe nybnukauuu [7, 8] ce goknagea
KOMOWHUpaH BapueTeT egHOBPEMEHHO B JIEBUTE U
B fecHuTe 6enogpobHu BeHu ¢ yectoTa 8,7% u 8%,
KOSITO € CXOf4Ha C ycTaHOBeHaTta OT Hac. Hawwute
MOpPOMNOrMyHn pesyntatm B Hemarnka MecTHa Mo-
nynauus nauueHTM NoTBbpX4aBaTt ronsimara 4yec-
TOTa Ha BapuaHTeH 6enoapobeH BEHO3eH ApeHax
C NpubNU3nTenHoO egHaKkbB OAN Ha NEBOCTPAHHU U
OECHOCTpPaHHM BapueTeTu, U C ABYCTPaHHU Bapue-
TeTn B Mmanko Hapg 7%.

Hunter et al. HammpaT NO-HNCBK ycnex oT egHa npo-
Lueaypa npv naumMeHTu ¢ BapMaHTHa aHaTtomusi (ocobe-
HO 06LL, NSIB CTBON) M yOBIMKEHO NPOLIeayPHO BPEME, HO
He 1 BNWSIHME Ha aHaToMusTa BbpXy (PMHanMHUS ycnex
cneq noBTopHK npoueaypw [9]. Istratoaie et al. aoknaga-
BaT, Ye BapuaHTHaTa aHaTOMWs € He3aBUCUM Mpeauik-
TOp 3a peuuauB, Kato Npeobnagaeall BapuaHT e oun
OTHOBO OOWMAT NsB cteon [12]. Opyrv ABe Npoy4BaHusi
Aoknaaeat To4Ho obpaTtHoTto — Odozynski et al. Hamu-
paT MHOro Mo-HWCKa YecToTa Ha peuuanBu cneg mbp-

Already in the anatomical-histological study of
unselected samples by Ho et al., variability in the
number of pulmonary veins has been found in 6
of 26 hearts (23%), which were equally distributed
for the left and right veins [2]. Kato et al. were the
first to perform a detailed magnetic resonance im-
aging study of the venous anatomy in 28 patients
with AF and a control group of 27 patients, and
found variant anatomy in 21 of a total of 55 pa-
tients (38%), with no differences between the two
groups. This study published the first classification
of the different variants identified by the authors.
The most common variant was the common left
trunk, followed by an additional right middle pul-
monary vein [3]. In the same year, Scharf et al. de-
scribed as the most common variant an additional
right middle vein, followed by a common left trunk,
using multidetector computed tomography in 11 of
58 patients with AF [4]. Marom et al. created a very
detailed classification based on computed tomog-
raphy examination in 201 patients with an indica-
tion other than arrhythmia (mainly pulmonary em-
bolism). They found right-sided variations in 30%
and left-sided in 14%, and identified 10 anatomical
types of venous drainage for the right and 4 types
for the left veins, but did not detect a link between
the occurrence of atrial arrhythmias and a specific
anatomical type [5]. From these and other studies
it became clear that the usual variant drainage on
the left is represented by a common trunk (short
or long), and an additional left vein occurs excep-
tionally, while on the right the most common drain-
age variant is presented by one or more additional
veins, and the common trunk is a very rare finding
[6-8]. Interestingly, only two papers [7, 8] reported
a combined variation in both the left and right pul-
monary veins with a frequency of 8.7% and 8%,
which is similar to ours. Our morphological results
in a large local patient population confirm the high
incidence of variant pulmonary venous drainage
with approximately equal proportions of left- and
right-sided variations, and with bilateral variations
in just over 7%.

Hunter et al. found lower success after single pro-
cedure in patients with variant anatomy (especially
common left trunk) and prolonged procedural time,
but no effect of anatomy on the final success after re-
peated procedures [9]. Istratoaie et al. reported that
variant anatomy was an independent predictor of re-
currence, with the common left trunk again being the
predominant variant [12]. Two other studies reported
exactly the opposite — Odozynski et al. found a much
lower recurrence rate after first ablation of paroxysmal
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Ba abrnauusa Ha npuctbnHo MM npu naumeHTn ¢ obuy
nse ctBon, a Xu et al. cbobLaBat HamaneHa 4ecToTta
Ha peumauveu creq peabnaumsa Ha npucTbnHo MM (Ho
He 1 Npu NepcucTMpaLlo) Npu naumueHTuTe ¢ obLy nsas
cteon [11, 13]. Cnopep den Uijl et al. nbk npegukTop 3a
peunauB Ha MM e HopmanHata aHaToMust Ha AecHUTe
6enogpobHu BeHn [10]. HakpaTtko, nybnukyBaHuTe pe-
3ynTaTv ca TBbpAe Pa3HOMOCO4YHM M NPOTMBOPEYMBU. B
HallaTa rpyna nauuMeHTn Yyectotata Ha aHaTOMUYHUTE
BapuaHTK € 3Ha4nTernHa, 3acsraHeTo Ha AecHUTe u ne-
BMTE BEHM € J0CTa PaBHOMEPHO, a OCTaHanuTe xapak-
TEPUCTUKN Ha MaumMeHTuUTe ca cxodHu. HesaBucumo ot
TOBa He YCTaHOBMXME HUKakBa 3Ha4yMMa 3aBMCUMOCT
mexay 6enogpobHaTta BEeHO3Ha aHaToMus U peuuan-
BuTe Ha M KakTo B 3acneneHus nepuog, Taka u cneg
Hero. BapyaHTHaTa aHaToMus U3rnexaa He ce oTpassBa
N BbpXY NPOLEAYPHM NapaMeTpu KaTo KyMynaTUBHO pa-
OMopPEKBEHTHO BPEME U NMPOU3BELEHME ,A03a-MOoLL".
Cnopen Hac 0BACHEHUNETO €, Ye Korato aHaTOMUYHUTE
ocobeHocTM Ha BenogpobHUsi BEHO3EH ApeHax ca u3-
BECTHM npeaBapuTenHo, TOBa NO3BOSsBa A Ce Hame-
PSIT U U30MMpaT BCUYKN CBPBXOPOMHN BEHW, KaKTO 1 Aa
He Ce ThPCAT U3NWLIHO OTAEMHN BEHW NPU AOKa3aHo Ha-
nnymne Ha obLy BeHo3eH cTBon. VHTepecHo 6u 6uno ga
ce Mpoyym KakBa € Yyectotata Ha peuungumsute Ha 1M,
ako abnauusita ce npasu 6e3 NpegBapuUTENHO HaNMYHa
obpasHa nHdopmaums, a MOKT ce npaeun egpa cnea
npouenypara.

OrpAHUYEHUSA

MpoyyBaHeTo e PeTpoCneKTUBHO, KOeTo pedriek-
TMpa B Mo-Manbk Opoii mpocrnedeHu nauueHTn U e
Bb3MOXHO [a Ce € OTpasurio M Ha pesyntatute oT
perpecuoHHusi aHanua. Tosa obaye He ce oTpassiBa Ha
KOMMIoTbp-TOMOrpadpckata Haxodka, KOosiTo Mokas3ea
peanHaTta YecToTa v BUA Ha aHaTOMUYHUTE BapueTeTu
B Tas3u rpyna naumeHtu. Cblio Taka, Nnpy TbPCEHETO
no KpUTepUM B GoNHMYHATa MHPOPMaLIMOHHa cucTeMa
BEPOSITHO Ca NpOonycHaTV HeManbk 6poii naunMeHTy no-
pagu hakTa, Ye KoaAMpPaHeTO Ha KOMMITbPHA TOMorpa-
st He e 3a4bIMKUTENHO 33 U3MbITHEHNETO Ha KIMHUNY-
HaTa NMbTeka U He ce NpaBu 3aKOHOMEPHO.

3AKNIOYEHUE

B mecTHa nonynauusi nauvMeHTM C NpeacbpgHo
MbXOeHe YecToTata Ha BapuaHTeH 6enogpobeH BeHo-
3eH JpeHax, yCTaHOBEHa C MyNTUAETEKTOPHA KOMIHO-
TbpHa Tomorpadums, e manko Hag 50%. He ce yctaHo-
BV Bpb3Ka MeXay BapMaHTHaTa aHaToMus 1 yecToTara
Ha peumgueu Ha M cneqg nbpBa usonaumsi Ha 6enoa-
pPOGHUTE BEHWN.

AF in patients with a common left trunk, and Xu et al.
reported a reduced recurrence rate after redo ablation
of paroxysmal AF (but not in persistent AF) in patients
with a common left trunk [11, 13]. According to den
Uijl et al. on the other hand, the normal anatomy of
the right pulmonary veins is a predictor of recurrence
of AF [10]. Briefly, the published results are inconsis-
tent and contradictory. In our group of patients, the
frequency of anatomical variants is significant, the in-
volvement of the right and left veins is quite uniform,
and the rest of the patients’ characteristics remain
similar. Nevertheless, we did not find any significant
relation between pulmonary venous anatomy and AF
recurrences both within and beyond the blinding pe-
riod. Variant anatomy also does not appear to affect
procedural parameters such as cumulative radiofre-
quency time and dose-area product. In our opinion,
the explanation is that the anatomical features of pul-
monary venous drainage are known in advance, and
this allows to find and isolate all supernumerary veins,
and not to look unnecessarily for individual veins in
the presence of a common venous trunk. It would be
interesting to study the recurrence rate of AF if the
ablation is done without pre-available imaging infor-
mation and the computed tomography is performed
only after the procedure.

LIMITATIONS

The study is retrospective which results in a
smaller number of followed-up patients and may
have affected the results of the regression analysis.
However, this does not affect the computed tomog-
raphy findings, which shows the actual frequency
and type of anatomical variations in this group of pa-
tients. Also, a considerable number of patients were
probably left out by the search criteria with the use of
the hospital information system due to the fact that
the coding of computed tomography is not manda-
tory for the completion of the clinical path and is not
performed regularly.

CONCLUSION

In a local population of patients with AF, the inci-
dence of variant pulmonary venous drainage detected
by cardiac multidetector computed tomography is just
over 50%. No relation was found between variant anat-
omy and the recurrence rate of AF after first pulmonary
vein isolation.
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